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ART-UNIT: 275 

PRIMARY-EXAMINER: Shankar; Vijay 
ATTY-AGENT-FIRM: D'Alessandro & Ritchie 

ABSTRACT: 

Methods for recognizing gestures made by a conductive object on a touch-sensor 
pad and for cursor motion are disclosed. Tapping, drags, pushes, extended drags 
and variable drags gestures are recognized by analyzing the position, pressure, 
and movement of the conductive object on the sensor pad during the time of a 
suspected gesture, and signals are sent to a host indicating the occurrence of 
these gestures. Signals indicating the position of a conductive object and 
distinguishing between the peripheral portion and an inner portion of the 
touch-sensor pad are also sent to the host. 

64 Claims, 40 Drawing figures 
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DOCUMENT-IDENTIFIER: US 5952998 A 

TITLE: Transparent touchpad with flat panel display for personal computers 
ABPL: 

A personal computer includes a flat panel or LCD display for displaying 
computer status information. The display includes an overlying transparent 
touchpad . When the touchpad is touched, appropriate signals are processed so 
that movements of the user's finger on the touchpad can be indicated by 
displaying altered images on the display that correspond to the movement of 
the user's finger. In this way, the user gets an immediate visual feedback 
through the LCD display of what changes can be or have been made by touchpad 
control . 

BSPR: 

This invention relates generally to displays for displaying various functions 
of personal computers and more particularly to the use of a touchpad with a 
visual display for such devices . 



In addition, many computers include a touchpad which allows a cursor to be 
moved on the computer's LCD screen or monitor. Commonly, a touchpad area is 
provided near the keyboard. The user can touch the touchpad and move his or 
her finger to move a cursor display on the screen. One such touchpad is 
disclosed in U.S. Pat. No. 5,374,787, to Miller et al., which is hereby 
incorporated by reference herein. 

BSPR: 

In accordance with one aspect of the present invention, a touchpad for a 
personal computer includes a substantially transparent substrate . An array of 
conductive traces are formed on the upper and lower surfaces of the substrate . 
A flat panel display is situated beneath the substrate so as to project images 
upwardly through the substrate to enable the computer user to visualize the 
images. The conductive traces are adapted to allow the user's finger to be 
capacitively located in response to user proximity. The traces are arranged to 
permit the image produced by the display to be viewed by the user. 

BSPR: 

In accordance with another aspect of the present invention, a personal 
computer includes a microprocessor and memory for controlling the operation of 
the computer. The microprocessor and memory are contained in a housing. A flat 
panel display on the housing is connected to the microprocessor. The flat 
panel display includes a substantially transparent touchpad . The touchpad is 
situated on top of the display. The touchpad includes a substantially 
transparent substrate and an array of conductive traces formed on the upper 
and lower surfaces of the substrate . The touchpad is adapted to convert 
proximity with the touchpad into signals indicative of the position of the 
user's finger on the touchpad . 

BSPR: 

In accordance with still another aspect of the present invention, a method for 
controlling the operation of a personal computer by monitoring status 



BSPR: 
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information includes the step of forming a substantially transparent touchpad 
having a substantially transparent substrate and an array of conductive traces 
formed on its upper and lower surfaces. The substrate is situated over a flat 
panel display. Visual images are produced on the flat panel display in such 
fashion that the images are arranged to substantially project through the 
array of traces on the substrate . 

DRPR: 

FIG. 2 is an enlarged front elevational view of the LCD touchpad display shown 
on the keyboard enclosure of the computer in FIG. 1; 

DRPR: 

FIG. 6 is an enlarged view of one of the capacitive elements shown in FIG. 5; 
DEPR: 

Referring to the drawings wherein like reference characters are utilized for 
like parts throughout the several views, a personal computer 10, shown in FIG. 
1, has a conventional keyboard 18 with function keys 12, a liquid crystal 
display screen 14, and a flat panel or liquid crystal display (LCD) touchpad 
16 shown in position at the lower portion of the keyboard enclosure 19. As 
explained hereinafter, although the present invention has been illustrated as 
being implemented in connection with a notebook personal computer, it would be 
apparent to those skilled in the art that the invention could also be 
implemented on any other type or size of personal computer. 

DEPR: 

The touchpad 16 is an integrated touchpad which includes a display 20 viewable 
through a transparent touchscreen 22, as shown in FIG. 3. Underneath the 
transparent touchscreen 22 is a conventional display 20 sized to fit in an 
appropriate location in the keyboard enclosure 19. While an LCD display is 
advantageous as the display 20, other light sources such as LEDs may be used 
to provide useful information to the computer user through a flat panel 
display. Thus, the user can touch the touchpad 16 and in so doing, activate 
the transparent touchscreen 22 to provide an indication of where the user has 
contacted the touchpad 16. 

DEPR: 

A variety of screen formats or menus can be produced on the touchpad 16 
through the function keys 12. In this way, the user can select a desired menu 
from a series of menus to input particular control selections. For example, 
status indications implemented by distinct menus selected by the function keys 
12 could include whether magnetic storage devices are operational, the 
remaining computer battery life, screen brightness or contrast, power 
conservation settings and other information conventionally displayed on the 
keyboard 18 or on demand on the display 14 of personal computers. Also, a 
conventional mouse pointer screen can be implemented whereby the user can 
touch and move the displayed pointer 80, as shown .in FIG. 2. In this way, a 
large amount of information may be transferred in the relatively small space 
currently occupied by pointing devices in conventional notebook computers. 

DEPR: 

The PCI bus 48 may be connected by a bridge 58 to a conventional Industry 
Standard Architecture or ISA bus 60. A variety of conventional devices may be 
connected to the ISA bus 60, as depicted in FIG. 3, including the audio 
controller 62 and the keyboard controller 64. The keyboard controller 64 
receives inputs from a conventional keyboard 18 as well as from the touchpad 
controller 66. Also, the LCD controller/driver 56 is used to drive the display 
on the LCD display 20. 

DEPR: 

The touchpad controller 66 receives electrical signals from the substantially 
transparent touchscreen 22 indicative of the current coordinates of any 
contact or proximity with the touchpad 16. It converts these signals into a 
form which is conventionally handled by keyboard controller 64 including those 
produced by rollerball or other conventional pointing devices. For example, 
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along a trace 72 or 76, substantially greater than its width "W" measured 
transversely to the trace 72, 76 length, as shown in FIG. 6. In the 
illustrated embodiment, a diamond shaped element 74 is illustrated but other 
geometric shapes are also possible. By making the capacitive element 74 length 
substantially greater than its width, interference with light passing through 
the touchscreen 22 may be lessened. Advantageous, the capacitive element 74 
aspect ratio (L/W) is greater than 2. 

DEPR: 

The construction of the touchscreen 22, as shown in FIG. 7, may include an 
upper layer 78 which may conveniently be a transparent plastic film. The 
purpose of the layer 78 is to avoid removal of the conductive traces 72 
through touching and to provide a protective layer for the membrane 70. Thus, 
the layer 78 may be very thin. The membrane 70 may be secured to the lower 
surface of the layer 78 such that its upper surface 75 and lower surface 77 
are arranged one above the other, and the membrane 70 acts as a dielectric to 
separate the conductive traces. A screen 20 is then secured below the layer 
77. 

DEPR: 

The traces 72 and 76 form an array that detects the position of the user's 
finger on or near the touchscreen 22 through capacitive effects. The traces 72 
and 76 may, in some embodiments, also provide information about the size of 
the finger contact and this information may be used to determine finger 
pressure . 

DEPR: 

A single sensor processor chip (not shown) can be connected to the traces 72 
and 76. The traces 72 and 76 may be driven and sensed in parallel. For 
example, the voltages on all of the traces 72 may be changed while the 
voltages on the traces 76 are kept constant. Thereafter, all of the traces 76 
are subjected to a changing voltage while the traces 72 are kept at a constant 
voltage. The elements 74 then apply a capacitive effect to the extent that the 
user's finger is proximate. The circuitry for decoding the signals received as 
a result of scanning in this fashion is well known, as disclosed for example, 
in the aforementioned U.S. Pat. No. 5,374,787. 

DEPR: 

As shown in FIG. 8, through appropriate arrangement of the traces 72 and 76, 
images may be projected by the LCD display 20 through the transparent membrane 
70 and layer 78, for viewing by the user. In the case where the traces 72 and 
76 are not completely transparent, the capacitive elements and traces may 
interfere to some degree with the image. However, by making the image 
sufficiently bold, positioning it appropriately, and sizing the array of 
traces 72 and 76 to leave substantial room for light to project through the 
array, adequate visualization can be achieved. 

DEPR: 

Thus, referring to FIG. 8, the ramp-shaped images 26 and 28 are positioned to 
avoid the predominant capacitive elements 74 and the cursors 27 and 28 are 
sized sufficiently large to be viewed even if they are partially obscured by 
capacitive elements 74 or traces 72 or 76. Similarly, the mouse button images 
30 and 32 may be deliberately positioned between the traces 72 and 76 so as 
not to be substantially obscured by the array of conductive traces 72 and 76. 

CLPR: 

1. A touchpad for a personal computer comprising: 
CLPR: 

2. The touchpad of claim 1 wherein said display is a liquid crystal display. 
CLPR: 

3. The touchpad of claim 2 including a substantially transparent layer 
situated on top of said substrate . 
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CLPR: 

4. The touchpad of claim 1 wherein said elements are diamond shaped. 
CLPR: 

5. The touchpad of claim 1, wherein said display is comprised of light 
emitting diodes. 

CLPR: 

6. The touchpad of claim 1, wherein the image arranging includes positioning 
and shading said image. 

CLPR: 

7. A touchpad for a personal computer comprising: 
CLPR: 

9. The computer of claim 8 including a substantially transparent layer 
situated on top of said substrate . 

CLPR: 

16. The method of claim 15, wherein the step of forming conductive traces 
includes forming a series of parallel traces on an upper surface of the 
substrate and forming a series of parallel traces on the lower surface, the 
upper surface traces being substantially perpendicular to the lower surface 
traces, the upper and lower surface traces together forming an array of 
apertures for passing the image in an orthogonal direction through the 
substrate . 

CLPR: 

17. The method of claim 16 including the step of determining the position of a 
user's finger on said touchpad using said traces. 

CLPV: 

a substantially transparent substrate having upper and lower surfaces; 
CLPV: 

a series of nontransparent conductive traces formed on the upper and lower 
surfaces of said substrate to form an array operable to capacitively sense a 
location of an object placed in proximity to the substrate, said traces having 
a series of capacitive elements arranged along said traces, said capacitive 
elements being shaped to have a length along said traces which is 
substantially greater than their width measured transversely to the length of 
said traces; and 

CLPV: 

a display, situated beneath said substrate so as to project a image upwardly 
through said substrate to enable a computer user to visualize said image, said 
image being arranged so as to substantially avoid interference from said 
capacitive elements. 

CLPV: 

a substantially transparent substrate ; 
CLPV: 

an array of conductive traces formed on the upper and lower surfaces of said 
substrate ; 

CLPV: 

wherein said conductive traces include a series of capacitive elements 
arranged along said traces to allow finger position to be capacitively 
determined; 

CLPV : 

wherein said capacitive elements have a length along the traces which is 
substantially greater than their width measured transversely to the length of 
said traces: 
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CLPV: 

a flat panel display situated beneath said substrate so as to project images 
upwardly through said substrate to enable the computer user to visualize said 
images, said conductive traces being adapted to allow the user's finger to be 
located in response to user proximity said traces being arranged so as to 
permit the image produced by the display to be viewed by the user. 

CLPV: 

a touchpad attached to said housing and coupled to said microprocessor, 
comprising: 

CLPV: 

a display situated beneath said touchpad, coupled to said microprocessor, and 
operable to project an image, said image being arranged to project through 
said touchpad without substantial interference from said capacitive elements. 

CLPV: 

a flat panel display on said housing connected to said microprocessor, said 
flat panel display including a substantially transparent touchpad, said 
touchpad situated on top of said display, said touchpad including a 
substantially transparent substrate and an array of conductive traces formed 
on the upper and lower surfaces of said substrate, wherein said conductive 
traces include a series of capacitive elements arranged along said traces to 
allow finger position to be capacitively determined, wherein said capacitive 
elements have a length along the traces which is substantially greater than 
their width measured transversely to the length of said traces, wherein the 
aspect ratio of said elements is greater than 2, said touchpad being adapted 
to convert proximity with said touchpad into signals indicative of the 
position of the user's finger on said touchpad . 

CLPV: 

forming a series of nontransparent conductive traces on an upper and lower 
surface of a substantially transparent substrate ; 

CLPV: 

forming a series of capacitive elements along said traces, said capacitive 
elements being shaped to have a length along the traces of at least twice 
their width measured transversely to the length of the traces; 

CLPV: 

positioning said substrate over a display; and 
CLPV: 

arranging images for said display to project in such fashion that said images 
substantially avoid interference from said capacitive elements. 

CLPW: 

a substantially transparent substrate ; and 
CLPW: 

a series of nontransparent conductive traces on an upper and lower surface of 
said substrate to form an array operable to capacitively sense a location of 
an object placed in proximity to the substrate, said traces having a plurality 
of capacitive elements positioned along said traces, each capacitive element 
being shaped to have a length along said traces substantially greater than its 
width measured transversely to the length of said traces; and 
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the PS/2 keyboard/mouse communication protocol can be used to communicate with 
the touchpad 16. Alternatively, an inter-IC (I. sup. 2 C) bus, or a universal 
serial bus (USB) 65 connects the LCD controller/driver 56 and the keyboard 
controller 64. The touchpad controller 66 converts the analog signals from the 
touchscreen 22 into digital signals and provides analog filtering and signal 
conditioning . 

DEPR: 

In use, the user simply presses the appropriate function keys 12 in order to 
cause the desired display or menu to appear on the touchpad 16. The user then 
can adjust the controls for the processor 10 by making manual movements on the 
touchpad 16. For example, as shown in FIG. 2, the user can move the cursors 27 
or 28 to increase the volume of the audio, for example, in a multimedia system 
or to adjust screen 14 brightness. 

DEPR: 

As the cursors 27 and 28 are moved, inputs are provided to the LCD driver 56 
and graphics controller 54 which shift the LCD image on the screen 20 to 
conform the virtual movements of the cursors 27 and 28 to the movement of the 
user's finger. In other words, as the user moves his or her finger over the 
LCD touchpad 16, a cursor 27 or 28, acting as a scale indicator, moves with 
the user's finger. Alternatively, the amount of shading inside each 
ramp-shaped image 24 or 26 may be increased or decreased to act as a scale 
indicator. The LCD image will appear to be displaced to the position where the 
user removes his or her finger from the LCD touchpad 16. 

DEPR: 

In this way, the user can cycle through a wide variety of computer controls 
using a very limited surface on the keyboard 18. The user can then adjust any 
controls that are desired in an advantageous way because the touchpad 16 
provides immediate visual feedback and an immediate graphical indication of 
what changes have been made. 

DEPR: 

Referring now to FIG. 4, a technique for forming the transparent touchscreen 
22 is illustrated. The touchscreen 22 may be formed from a membrane 70 which 
is preferably substantially transparent to light. A plurality of conductive 
traces 72 having capacitive 'elements 74 are formed on the upper surface of the 
membrane 70. 

DEPR: 

The membrane 70 may be formed of a variety of materials, including Mylar and 
transparent plastic film, advantageously made as thin as possible for the 
application. The traces 72 may be formed by printing a suitably conductive ink 
on the membrane 70 so as to allow conduction along the traces 72. For example, 
the conductive materials forming the trace 72 and the capacitive elements 74, 
may be formed by silkscreening or other printing techniques. 

DEPR: 

The traces 72 and capacitive elements 74 may be formed of substantially 
transparent conductive material, such as indium tin oxide or "ITO" deposited 
by conventional techniques, such as sputter deposition and etched to 
appropriate shapes. Any other conventionally available transparent conductive 
materials may be used to form the traces 72 and the capacitive elements 74 . 

DEPR: 

The lower side 77 of the membrane 70, as shown in FIG. 5, also may have traces 
formed on it. Advantageously, the traces 76 include capacitive elements 74 and 
run generally transversely to the direction that the traces 72 extend on the 
opposite surface 75. Thus, in FIG. 5, since the membrane 70 is substantially 
transparent, the traces 72 on the upper surface 75 are shown in dotted lines 
as they would be viewed through the substantially transparent membrane 70. 

DEPR: 

Each of the capacitive elements 74 may be formed with its length "L," measured 
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